Background {#Sec1}
==========

Toxoplasmosis is a prevalent zoonotic disease caused by the *Toxoplasma gondii* protozoan parasite \[[@CR1]\]. It is estimated that one third of the world's human population is exposed to this obligate intracellular protozoan \[[@CR2], [@CR3]\]. Various mammals, including humans, serve as the intermediate host of *T. gondii* infection, while domestic cats and other members of the family *Felidae* serve as the definitive host. Therefore, humans can be infected through the ingestion of food or water contaminated with definitive host's faeces that contain *T. gondii* oocysts or through the ingestion of cysts in the meat of intermediate hosts such as sheep, pigs, and birds. Women infected with *T. gondii* before pregnancy usually do not transmit the parasite to their foetuses \[[@CR4]\]. Acute toxoplasma infection during pregnancy, which is transmitted vertically, can lead to adverse outcomes for the foetus and newborns, including foetal loss or serious congenital anomalies \[[@CR5]\]. Moreover, toxoplasmosis is an opportunistic infection that can cause severe complications in immunocompromised persons \[[@CR6], [@CR7]\]. The overall risk that acute *T. gondii* infection could result in a congenital infection is estimated to be about 30%, with higher risks during the third trimester \[[@CR8]\]. However, some environmental, behavioural, sociodemographic, and obstetric factors have been suggested as important predictors of *T. gondii* infection. Examples of these factors include geographic location, consumption of contaminated water or undercooked meat, presence of cats in the household, exposure to contaminated soil (through farming or gardening barehanded), history of spontaneous abortion (miscarriage), and older maternal age \[[@CR9], [@CR10]\].

Diagnosis of toxoplasmosis is generally dependent on serological and clinical analysis. Although *Toxoplasma*-specific antibodies (immunoglobulins) are detected in the serum of pregnant women within one to 2 weeks of exposure to the infection, the serological results for those immunoglobulins are often incapable of differentiating between acute and chronic infections \[[@CR11], [@CR12]\]. Detection of IgM antibodies or both IgM and IgG antibodies indicate an acute infection, while negative results may suggest either a very recent infection or the absence of infection \[[@CR13], [@CR14]\]. However, positive IgM results may be due to unreliable commercial test kits or because IgM can remain detectable in serum after an acute infection has ended \[[@CR15]--[@CR17]\]. To increase the sensitivity and specificity of the serological evolution, additional confirmatory assays such as seroconversion and IgG avidity testing should be done \[[@CR14], [@CR17]\]. Also, positive polymerase chain reaction for *T. gondii* in the amniotic fluid is expected when abnormal ultrasound findings such as hydrocephalus, microcephaly, and calcifications are observed \[[@CR12], [@CR18]\].

In Yemen, the published reports on *T. gondii* infection are entirely serologically-based surveys that indicate varied seroprevalence across the country. The overall seroprevalence of *T. gondii* infection has been reported to range from 14 to 65%, with seroprevalence of acute *Toxoplasma*-specific IgM antibodies ranged from 1.5 to 14% \[[@CR19]--[@CR25]\]. Indeed, there is a great scarcity of information on the risk factors of *T. gondii* infection among pregnant women in Yemen, and data on the burden of toxoplasmosis in Dhamar governorate, for example, are not available. Therefore, this study aimed to determine the seroprevalence and predictors of known *T. gondii* infection among pregnant women in Dhamar district, Yemen.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

A cross-sectional study was carried out in Dhamar district between December 2014 and June 2015. Data were collected by trained health personnel from the general maternal and child health care clinics using a pretested questionnaire constructed in English and translated into Arabic, the local language. At the clinics, pregnant women undergo a variety of prenatal examination including physical examination, medical history, laboratory testing and ultrasound scans. Thus, this study did not involve blood collection and rather depend on results by a private laboratory contracted by the clinics (permission was acquired). 'Known *T. gondii* infection' was defined as a woman with documented, physician-diagnosed toxoplasmosis and/or laboratory results for the serological examination of *T. gondii* infection. Toxoplasmosis was recognized by the participants as '*Al-Gerthoumah*', a local name, which means 'the germ causing abortion'.

Study setting {#Sec4}
-------------

The study was conducted in Dhamar district (44.17 °E, 14.67 °N) in Dhamar governorate, which is located to the south of the capital city of Yemen, Sana'a (Fig. [1](#Fig1){ref-type="fig"}). The weather is temperate, the economy is mostly agricultural, and the total population is about 256,000. Dhamar district comprises an urban city, called Dhamar, and 14 rural catchment villages. The study setting was the general maternal and child health facility of the district. The facility has prenatal, reproductive, and outpatient medical care clinics, and it is where the majority of women of child-bearing age in this locality seek health care. Fig. 1Map showing location of Dhamar governorate and Dhamar district, Yemen (study area). The map was created using the Esri ArcMap 10.7 software

Sample size and study population {#Sec5}
--------------------------------

The sample size required for this study was calculated according to the WHO practical manual for the determination of sample size in health studies \[[@CR26]\]. Based on a 95% confidence level, a desired precision of 0.05, and an expected toxoplasmosis seroprevalence of 50% because no data are available from Dhamar governorate, the minimum sample size required was estimated as 384 pregnant women. To take account of non-response rate, the sample size was inflated by 10% to get a total sample size of 422.

The participants were randomly selected from the apparently healthy pregnant women attending the targeted prenatal and medical clinics. Out of 575 pregnant women invited to take part in this study, 500 women aged 16--50 years had agreed voluntarily to participate in the survey. Of these 500 women, 420 women completed the questionnaire and were included in the final analysis (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Flowchart of the participation in the study

The study protocol was approved by the Thamar University Medical Ethics Committee, Dhamar, Yemen. A clear description about the aim of the study and the nature of participation was provided to the participants before commencing data collection. The participants were informed that their identity and personal data would be kept strictly confidential and their participation was voluntary. Written consent could not be obtained from this community due to gender-sensitive issues. Therefore, informed verbal consent was taken from each participant and this procedure was approved by the Medical Ethics Committee.

Data collection {#Sec6}
---------------

The pregnant women were interviewed to fill in a pre-tested questionnaire for their sociodemographic, obstetric and behavioural characteristics. Information on the following sociodemographic variables was obtained from the participants: maternal age, education level (no formal education (i.e. \< 6 years of formal education) versus primary school or above equivalent to ≥6 years of formal education), place of residence (urban area versus rural area of Dhamar district (i.e. those who are living in the rural catchment villages of the district)), and household monthly income. Moreover, information on the following obstetric variables was also obtained: age at marriage, number of children, history of spontaneous abortion, history of giving birth to a deformed baby, and history of blood transfusion. In addition, information on behavioural characteristics including working on a farm, type of drinking water source for the household, consuming raw vegetables, consuming raw milk, chewing khat (the green leaves of the shrub *Catha edulis*, which are commonly chewed in Yemen and East Africa for social and psychological reasons), handling fresh meat such as mutton, lamb, beef, or minced-meat products, and presence of cats or other domestic animals (such as dogs, cattle, sheep, goats, donkeys and chickens) at the household were also collected. Type of drinking water sources was classified into improved sources (i.e. piped water supply) and unimproved sources (i.e. wells, streams, dams, and rain), according to the criteria of WHO/UNICEF \[[@CR27]\].

Serological test for ***T. gondii*** antibodies {#Sec7}
-----------------------------------------------

About 5 mL venous blood samples were collected from pregnant women seeking healthcare at the general maternal and child health care clinics. The serological test for the presence of anti-*T. gondii* IgG and IgM antibodies was carried out by a private laboratory using an electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany) according to manufacturer's instructions. The sera were considered positive if IgG and/or IgM antibodies were detected following the cut-off values provided by the manufacturer. Although indirect Enzyme Linked Immunosorbent Assay (ELISA) was found to be the most frequent serological method used for screening of toxoplasmosis in pregnant women \[[@CR28]\], electrochemiluminescence immunoassay was found more sensitive and specific than ELISA \[[@CR29], [@CR30]\].

Data analysis {#Sec8}
-------------

IBM SPSS statistical software, version 22.0, was used in the statistical data analysis. The study variables were dichotomously presented as a percentage and the 95% confidence intervals (CI) for proportion. For inferential statistics, the seroprevalence of *T. gondii* infection was considered as the dependent variable and demographic, socioeconomic, obstetric and behavioural factors were considered as the explanatory variables. Pearson's Chi square test was performed to assess the differences between groups, and Fisher's exact test was used when the number of expected observations in one or more cells in a 2 × 2 contingency table is less than 5. where applicable. To ascertain the independent effect of each explanatory variable, all variables that showed a *P* value of ≤0.25 in the univariate analysis were used to develop a multivariate logistic regression model as suggested by Bendel and Afifi \[[@CR31]\]. The odds ratios (OR) and the corresponding 95% CI were calculated by using univariate and multiple logistic regression. A *P* value of \< 0.05 was considered as the level of statistical significance for all tests.

Results {#Sec9}
=======

General characteristics of participants {#Sec10}
---------------------------------------

A total of 500 pregnant women aged between 16 and 45 years agreed to participate in the survey. However, due to missing data, 420 completed questionnaires were considered in the data analysis. Early marriage is a common practice in the study areas, with 42.4% (178/420) of the participants were married before the age of 18. Moreover, 34.5% (145/420) of participants had a history of spontaneous abortion. With regards to the gestational age, it was found that 20.2% of the women were in the first trimester of pregnancy, 35.7% were in the second trimester and 44.1% were in the third trimester. In addition, about one third (36.9%) and two thirds (67.6%) of the participants had no formal education and a low household monthly income (\< US\$200/month; US\$1 = YER216), respectively. The general demographic and socioeconomic characteristics of these participants are presented in Table [1](#Tab1){ref-type="table"}. Table 1General characteristics of the pregnant women in Dhamar, Yemen (*n* = 420)Characteristicsn (%)Age groups (years)  ≥ 25210 (50)  \< 25210 (50)Age at marriage (years)  \< 18178 (42.4)  ≥ 18242 (57.6)Gestational age First trimester85 (20.2) Second trimester150 (35.7) Third trimester185 (44.1)Number of children  ≥ 3136 (32.4)  \< 3284 (67.6)Residence Rural182 (43.3) Urban238 (56.7)Socioeconomic status No formal education155 (36.9) Low household monthly income (\< US\$ 200)284 (67.6) Presence of improved drinking water sources239 (56.9) Presence of cats in household95 (22.6) Presence of domestic animals at household192 (45.7)All values are number (%). *US\$* United States Dollar (US\$1 = YER216)

Prevalence and factors associated with *T. gondii* infection {#Sec11}
------------------------------------------------------------

The overall seroprevalence of anti-*T. gondii* antibodies (IgG and/or IgM) among the participants was 21.2% (89/420; 95% CI = 17.3--25.1). It was found that 12.9% (54/420) of the women were reactive only for IgG antibodies, 7.1% (30/420) were reactive for both IgG and IgM antibodies, and 1.2% (5/420) were reactive only for IgM antibodies.

Table [2](#Tab2){ref-type="table"} shows the associations between the prevalence of infection and some demographic, socioeconomic, behavioural and obstetric factors. It was found that the pregnant women who were ≥ 25 years old showed a potentially higher seroprevalence of *T. gondii* infection compared to those aged below 25 years (24.8% vs. 17.6%; *P* = 0.073). Similarly, women who had more than three living children had higher seroprevalence of *T. gondii* infection than their counterparts (25.0% vs. 19.4%); however, the difference was not statistically significant (*P* = 0.186). Table 2Univariate analysis of factors associated with *T. gondii* seroprevalence among the pregnant women in Dhamar, Yemen (*n* = 420)Variables*Toxoplasma* seroprevalenceN participantsPrevalence %Crude OR (95% CI)*P*-value^a^Age (years)  \< 2521017.61  ≥ 2521024.81.54 (0.96, 2.47)0.073Age at marriage (years)  \< 1817822.51  ≥ 1824220.20.88 (0.55, 1.40)0.582Number of children  \< 328419.41  ≥ 313625.01.39 (0.85, 2.26)0.186Gestational age First trimester8518.81 Second trimester15021.31.21 (0.71, 1.68)0.647 Third trimester18522.21.31 (0.61, 2.54)0.532History of spontaneous abortion No27513.11 Yes14536.63.83 (2.35, 6.22)\<  0.001^\*\*^History of giving birth to a deformed baby No40120.91 Yes1926.31.35 (0.47, 3.85)0.576History of blood transfusion No40021.81 Yes2010.00.40 (0.10, 1.76)0.165Education level Primary school or above26519.21 No formal education15524.51.36 (0.85, 2.20)0.202Residence Urban23819.31 Rural18223.61.29 (0.81, 2.07)0.285Household monthly income  ≥ US\$ 20013620.61  \< US\$ 20028421.51.06 (0.64, 1.75)0.834Working on a farm No33521.21 Yes8521.21.00 (0.56, 1.79)0.997Source of drinking water Improved (piped water)23920.91 Unimproved (wells, streams, dams and rain)18121.51.04 (0.65, 1.66)0.876Raw vegetables consumption No244.21 Yes39622.26.57 (1.01, 42.34)0.036^\*\*^Raw milk consumption No28119.61 Yes13924.51.33 (0.82, 2.16)0.249Handling fresh meat No185.61 Yes40221.94.76 (0.63, 39.30)0.076Khat chewing No21420.11 Yes20622.31.14 (0.72, 1.83)0.575Presence of cats in household No32519.11 Yes9528.41.68 (1.01, 2.85)0.049^\*\*^Presence of domestic animals at household No22818.01 Yes19225.01.52 (0.95, 2.43)0.080*US\$* United States Dollar (US\$1 = YER216)Reference group marked as OR = 1; *OR* Odds ratio; *CI* Confidence interval^a^ Level of significance was determined by Pearson's Chi Square test or Fisher's exact test. ^\*\*^ Significant association (*P* \< 0.05)

As for the obstetric variables, the pregnant women who had a spontaneous abortion history showed a significantly higher seroprevalence of *T. gondii* infection (36.6% vs. 13.1%; *P* \<  0.001). Similarly, the seroprevalence of *T. gondii* infection was found to differ significantly with raw vegetables consumption (22.2% vs. 4.2%; *P* = 0.036) and presence of cats in household (28.4% vs. 19.1%; *P* = 0.049). It was also found that women who declared that they handled fresh meat had a higher seroprevalence of *T. gondii* infection when compared to their peers; however, the difference was only marginally significant (21.9% vs. 5.6%; *P* = 0.076).

Examination of the association between seroprevalence of *T. gondii* infection and the potential predictors using the multivariate logistic regression analysis revealed that a history of spontaneous abortion and the presence of cats in the house were the significant independent predictors for *T. gondii* infection (Table [3](#Tab3){ref-type="table"}). Multivariate regression analysis showed that acquiring *T. gondii* infection increases four times by history of spontaneous abortion (AOR = 4.04; 95% CI = \[2.46, 6.63\]; *P* \<  0.001) and 1.77 times by presence of cats in the house (AOR = 1.77; 95% CI = \[1.02, 3.07\]; *P* = 0.043). Although statistically significant in the univariate analyses, consumption of raw vegetables was shown to be not a significant predictor of *T. gondii* infection in the multivariate analysis (*P* = 0.059). Table 3Multivariate analysis of the predictors of *T. gondii* seroprevalence among pregnant women in Dhamar, Yemen (*n* = 420)VariablesAdjusted OR95% CI*P*-valueAge (≥ 25 years)1.190.64, 2.190.588No. of children (\>  3)0.980.52, 1.840.948History of spontaneous abortion (yes)4.042.46, 6.63\< 0.001^\*^History of blood transfusion (yes)0.310.07, 1.420.130Education level (no formal education)1.070.62, 1.840.813Handling fresh meat (yes)4.070.50, 35.430.241Raw vegetables consumption (yes)7.120.93, 38,830.059Raw milk consumption (yes)1.510.89, 2.550.129Presence of cats in house (yes)1.771.02, 3.070.043^\*^Presence of domestic animals at household (yes)1.320.69, 2.520.409*OR* Odds ratio, *CI* confidence interval^\*^ Significant predictor (*P* \< 0.05)

Discussion {#Sec12}
==========

This study is the first to ascertain the prevalence and predictors of known *T. gondii* infection among pregnant women in Dhamar district, Yemen. The overall seroprevalence of *T. gondii* infection reported by this study was 21.2%. This rate is lower than that reported by previous studies conducted in Yemen \[[@CR19]--[@CR24]\]. For instance, 45.4% (269/593) of the pregnant women seeking health care in public and private health facilities in Sana'a city in the north central part of Yemen and 64.3% (431/670) of the pregnant women attending 13 private clinics and hospitals in Aden governorate, southern Yemen, were found seropositive for *T. gondii* infection \[[@CR23], [@CR24]\]. On the other hand, a lower seropositive (14.4%) of *T. gondii* infection was reported by a recent study in Hodiedah governorate, western Yemen, among 90 women of childbearing age \[[@CR25]\].

When compared to other countries, the seroprevalence reported in this study was in harmony with those reported in Palestine (17.6%), Saudi Arabia (24.1%), Myanmar (30.2%) and Burkina Faso (31.1%) \[[@CR32]--[@CR35]\]. However, higher seroprevalence were reported in other countries such as Brazil (71%), Lebanon (82.6%), Ethiopia (85.3%), and Ghana (92.5%) \[[@CR36]--[@CR39]\]. In contrast, lower seroprevalence of *T. gondii* infection were reported in Zambia (5.9%), Mexico (8.2%), Sri Lanka (12.3%) and in many European countries \[[@CR2], [@CR40]--[@CR42]\]. This variation in the seroprevalence of *T. gondii* infection is observed worldwide and it has been attributed to various determinants such as the use of diagnostic methods of different sensitivity, and the limitations of the surveys in controlling the differences between cohorts \[[@CR43], [@CR44]\]. Differences are also attributed to the seroconversion of the short-lived IgM antibodies during pregnancy \[[@CR45]\]. For instance, a recent systematic review of the global burden of congenital toxoplasmosis estimated that the proportion of seroconversion of *Toxoplasma*-specific IgM, which showed IgM-positive results, was detectable in only one fifth of pregnant women during their current pregnancy \[[@CR3]\]. On the other hand, a recent external assessment of the quality of serological diagnosis for toxoplasmosis in over 843 clinical laboratories in China found that the diagnoses were of high quality, with a mean accuracy of 98% for detecting IgG and 95% for IgM antibodies \[[@CR45]\].

The present study showed that 8.3% of the pregnant women had detectable IgM antibodies; 7.1% had anti-*T. gondii* IgM antibodies combined with anti-*T. gondii* IgG antibodies, while 1.2% had IgM antibodies alone. These findings are consistent with previous studies conducted among pregnant women in Sana'a city \[[@CR23], [@CR46]\]. However, lower seroprevalence of anti-*T. gondii* IgM antibodies was reported by previous studies among pregnant women in Taiz, southern Yemen \[[@CR20]\]. The *Toxoplasma* IgM positive and lgG negative results may indicate an early infection, while the presence of both IgG and IgM antibodies suggests an acute infection \[[@CR47]\]. However, further confirmation by using seroconversion and/or IgG avidity tests was not performed by the present study. The presence of IgM antibodies does not always indicate acute infection as IgM may persist positive for up to 18 months in chronic *Toxoplasma* infection \[[@CR48]\]. Overall, all previous surveys from Yemen provide no information about seroconversion and IgG avidity testing or clinical diagnosis, which implies that there is major uncertainty regarding the reported estimates.

In line with previous studies around the world, the present survey found that a history of spontaneous abortion and the presence of cats in the household were the independent significant predictors of *T. gondii* infection \[[@CR19], [@CR49]--[@CR51]\]. It is well known that toxoplasmosis during pregnancy has a causal relationship with spontaneous abortion, and it has been suggested that it is associated with IgM seropositivity \[[@CR52]\]. It is also well documented that domestic cats are considered as the major contributing factor for *T. gondii* contamination \[[@CR53]\]. On the other hand, the univariate analysis showed that the consumption of raw vegetables was also a significant predictor. This is in line with similar results reported among pregnant women in Sana'a, Yemen \[[@CR23]\] and elsewhere \[[@CR50], [@CR54]\]. The univariate analysis also revealed that maternal age and the handling of fresh meat were marginally significant, a finding that is comparable to those reported in Yemen and Mexico \[[@CR20], [@CR55]\]. However, unlike the present study, other reports from Cameroon, Tunisia and Brazil indicate that the consumption of raw or undercooked contaminated meat such as pork, mutton, lamb, beef, or minced-meat products is an independent predictor for acquiring *Toxoplasma* infection \[[@CR36], [@CR55], [@CR56]\]. Differences in the seroprevalence may be due to local variations in the practices of cooking meat, types of consumed meat, and burden of *Toxoplasma* infection in the animals consumed \[[@CR1]\]. The majority (95.7%) of the participants in the present study reported that they customarily handle fresh meat.

In the present study, the seroprevalence of known *T. gondii* infection was not influenced by the education level, place of residence, household monthly income, age at marriage, number of children, history of giving birth to a deformed baby, gestational age, history of blood transfusion, working on a farm, using unimproved sources for drinking water, drinking raw milk, chewing khat and the presence of domestic animals (excluding cats) at the household. This finding is generally consistent with those reported by previous studies \[[@CR53], [@CR55], [@CR57]\]. By contrast, a previous study from Burkina Faso identified urban residence and having at least secondary education level as significant risk factors of *T. gondii* infection among pregnant women attending antenatal care at centers in Bobo-Dioulasso city \[[@CR35]\]. In Taiz, Yemen, drinking untreated water has been reported as a significant risk factor for higher *T. gondii* seroprevalence \[[@CR20]\]. The difference in results could be attributed to the climatic conditions in Yemen; Dhamar district is located in the mountains and has a cooler and drier environment than that of Taiz, which is warmer and more humid and thus provides a more conducive environment for the oocyst of *T. gondii*, enabling it to remain infectious in water for several months \[[@CR9]\].

We acknowledge some limitations that should be considered when interpreting the findings of the present study. First, this study was based on a limited population of pregnant women attending the general maternal and child health facility in Dhamar district. However, it should be noted that this facility is where the majority of women of child-bearing age in Dhamar governorate seek prenatal, reproductive, and medical care. Second, due to the study design (i.e. cross-sectional), it was not possible to infer causality between the *T. gondii* infection and the significant predictors. Also, follow up the participants to detect seroconversion was not performed. Third, known or diagnosed *T. gondii* infection, based on laboratory testing performed by a private laboratory, was considered by this study. However, adopting an inexpensive and non-invasive research methodology has been confirmed to be more convenient in a poor, resource-limited and broken country like Yemen \[[@CR58]\].

Conclusions {#Sec13}
===========

This is the first study to reveal the prevalence and predictors of known *T. gondii* infection in Dhamar district, Yemen. About one fifth of the studied population were seropositive for *T. gondii* infection, with presence of cats in the household and a history of spontaneous abortion are significant independent predictors of the infection. Due to the method employed, the present study provides health care personnel in Yemen with an estimate of the magnitude of toxoplasmosis in a vulnerable community. Further population-based surveys, including seroconversion and IgG avidity testing, clinical diagnosis and evaluation of knowledge, attitude and practices towards toxoplasmosis, are recommended so that the burden of this public health problem can be determined more accurately.
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